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Abstract 
Based on previous research/study, with definite physical concepts and the point of view that there is the same amount 
of sediment exchange between bed load within suspended load and riverbed sediment, a formula of concentration of 
sediment near the bottom of a river was derived in this paper. Then, the formula of near-bed-concentration of 
suspended sediment was derived by the author through basic differential equations of vertical distribution of 
suspended load. It could be validated by measured datum that the formula can properly fit the equilibrium of near-
bed-concentration of suspended sediment in fluvial river. 
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1. Introduction 
The formula of equilibrium of near-bed-concentration of suspended sediment is an important part of 
the formula in sediment kinematics, numerous studies have been done. It’s suitable that the reference 
point chose near-bed or bed surface in theory, because here is the nature of the sediment with the 
boundary conditions, and here is the place not only bed load within suspended load have been supplied 
well from the bed, but also movement of sediment and riverbed sediment exchange, here concentration of 
sediment is saturated. The reference point is chosen at the bottom of a river, there are two different 
approaches, one is the concentration of sediment at the bottom of a river is linked directly with the 
riverbed sediment, the other is the concentration of sediment at the bottom of a river is linked with the 
riverbed sediment through bed-load transport rate. Lane-Kalinske’s methods belong to the former [1-3]; 
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Einstein's methods belong to the latter [4]. However, the concentration of sediment at the bottom of a river 
lacks of measured data and has big rate gradient, and here the concentration is far from near the reference 
point, even if the measure, reliability is poor. In order to avoid this difficulty, some researchers choose 
place far away from riverbed, here is a lot of measured data, and Care Faletti’s methods belong to this 
approach [5], the problem is that, the formula is empirical and complex calculation, and the bed thickness 
is more significant with subjectivity. In order to consider the impact of bed load graing, the reference 
point is chosen at the bottom of a river in this paper, and using the averaged turbulent bursting period and 
its spatial scale, the formula of concentration of sediment near the bottom of a river is derived, then, the 
formula of near-bed-concentration of suspended sediment is derived by the author through basic 
differential equations of vertical distribution of suspended load. It could be validated by measured datum 
that the formula can properly fit the equilibrium of near-bed-concentration of suspended sediment in 
fluvial river. 
2. Sediment entrainment and sedimentation fluxes 
Sediment balance refers to the sediment concentration and size distribution does not change, the 
erosion and deposition on the riverbed is the state of balance, this balance is dynamic balance state, 
suspended sediment and riverbed sediment exchange still occurs, but exchange capacity is basically the 
same. The formulas of sediment entrainment and sedimentation fluxes have been constructed; and a 
formula of concentration of sediment near the bottom of a river is derived. 
2.1 Sedimentation fluxes  
The quality of bed load in suspended sediment per unit volume at the bottom of river is S0, the 
percentage of the i grain size groups is p0i, then, the quality of the i grain size groups is p0i S0, because of 
the role of water flow turbulence, the sediment velocity as i 
' ( ' for the vertical turbulent flow rate, 
i  for the i size group sediment of the falling velocity). Vertical turbulent velocity is the nature of the 
normal distribution in the mainstream area[6], vertical turbulent velocity can be approximately assumed 
to be normally distributed in the side wall, the quality of the i grain size groups deposit in the bed 
sediment surface through the unit area during T as 
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Tests show that, the vertical turbulence intensity  and friction velocity u* similar in the mainstream 
area  
      ＝u*                                                                                       (2) 
2.2Sediment entrainment fluxes 
The quality of entrainment bed load per unit area is E, the percentage of the i grain size groups is pbi, 
then, the quality of the i grain size groups is pbi E. the bed load gradation composition in alluvial rivers is 
relatively uniform, gravel bed load transport rate is very little in normal condition, most sediment 
immediately convert to suspended sediment after starting from the bed sediment, exchange can be 
approximately regarded as between suspended sediment and bed sediment. Sediment pick-up is closely 
associated with the bursting process in wall turbulent flows, based on this mechanism, Sediment 
entrainment fluxes E for sediment pick-up from loose bed is developed using the average bursting period 
scaled on inner variables and the spatial scales of bursts [7] is 
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Where E is Sediment entrainment fluxes, kg/m2.s; TB is the average bursting period scaled on inner 
variables; s  is the density of the sediment; A is the area of the sediment pick-up flux from loose bed per 
unit area; N is the numbers of sediment particle for sediment pick-up from loose bed per unit area 
The quality of the i grain size groups pick-up from loose bed sediment surface through the unit area 
during T as  
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N is the numbers of sediment particle per unit area as  
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Where, f0 is the volume of sediment per unit volume.   
According to the study[8], When Reynolds number

hURe
.
 >10000, sediment pick-up from bed is 
controlled mainly by near-wall turbulence, the laws of internal length scales is adopted, the non-
dimensional bursting period T+B＝

BTu .
2
* ≈190( and u* represent for fluid kinematics viscosity coefficient 
and shear velocity), Reynolds number eR >10000 in the general nature of the alluvial river, so the 
average bursting period is 
2
*/.190 uTB                                                                                    (6) 
The area of the sediment pick-up flux from loose bed per unit area is [2] 
e
bA


.                                                                                          (7) 
Where, is the average size of bursting per unit area, b  is the role of turbulent bursting of the bed 
shear stress, e is the sediment critical starting of bed shear stress.  
A large number of measured data show that [9-11], the average flow of bursting scale is 40 /u*, the 
horizontal scale is 15~20 /u*, the average flow of pitch between two adjacent bursting is 500 /u*, the 
horizontal scale between two adjacent bursting is100~125 /u*, the scope of the average area as 
 
016.0
100500
2040
max 



； 0096.0
125500
1540
min 



                           (8) 
The bed load gradation composition in alluvial rivers is relatively uniform, gravel bed load transport 
rate is very little in normal condition, most sediment immediately convert to suspended sediment after 
starting from the bed sediment, exchange can be approximately regarded as between suspended sediment 
and bed sediment. 
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The role of turbulent bursting of the bed shear stress 2*.ub   , the sediment critical starting of bed 
shear stress 2
*ck u  , where *u  is friction velocity, cu* the critical starting friction velocity. 
Friction velocity Uu
8*


(U represents for the average flow velocity), the critical starting friction 
velocity 
cc Uu 8*


(Uc represents for the critical starting average velocity) 
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Where, L  represents for the bed shear stress b and the sediment critical starting of bed shear stress 
ratio. 
In this article, the critical mean starting velocity cU  is used Zhang Ruijin formula [12] 
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If U <
cU , the L is taken to 0 
The formula (8) becomes: 
LA                                                                                     (12) 
3. Sediment concentration equation on the bottom of a river 
The erosion and deposition on the riverbed is the state of balance, the sediment entrainment and 
sedimentation fluxes is basically the same, the net flux is zero, that is
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concentration equation on the bottom of a river is: 
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 (5), (6) and (7) types have been substituted into (13) type: 
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The sediment concentration equation on the bottom of a river of the i grain size groups is 

 iiibisi
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                                                         (15) 
4. The formula of concentration of sediment near the bottom of a river 
The concentration of sediment at the bottom of a river lacks of measured data and has big rate gradient, 
the concentration is far from near the reference point, even if the measure, reliability is poor. Through the 
suspended sediment concentration along the vertical distribution of the basic differential equation, the 
concentration of sediment at the bottom of a river is transformed into near the bottom of a river; the 
equation is the state of balance as 
0. 
dy
dss s
                                                                               (16) 
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Suppose the distance near the bottom of river as the *h , Studies have shown that, the different forms of 
turbulent diffusion coefficient have little effected on the vertical distribution of sediment, Lane-
Kalinske’s methods are used in this paper [1]. The average value
*hs
 has been obtained from 0 to *h  as 
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The (17) type has been substituted into (13) type: 
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Assume the equation (18) is applicable pairs of each size group of suspended sediment, namely 
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Order *hy  ，a＝0, the (15) type has been substituted into (19) type, the formula of concentration of 
the i grain size groups at depths of *h division as 
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iM represents for the concentration of the i grain size groups at depths of *h and 
Sediment concentration equation on the bottom of a river ratio, iM  is a dimensionless quantity. 
Then equation (20) becomes: 
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Analysis (21) type, where we can get, pbi,  , 0f , Ki, iL , iM and 

idu*  are dimensionless quantities, 
*h
S dimensionless and sediment density s , is the same dimension, it shows that the dimensionless of the 
formula is harmony. 
On both sides of the equation divided by
s , order iiibi MLKfpT ..00526.0 0 , then equation (21) becomes: 
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We can get by equation (22), the formula of concentration of sediment near the bottom of a river is 
closely related with the sand Reynolds number

idu* , the physical nature of the sand Reynolds

idu*  is the 
drag force and viscous force of the contrast. 
Suppose divided into m groups, the formula of concentration of sediment near the bottom of a river as 
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Shear flow Uu
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 (U represents the average flow velocity), where 
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coefficient; n is roughness), order */ udKpQ iibii  , the formula of concentration of sediment near the 
bottom of a river as 
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5. Formula authentication  
In order to verify that the formula is correct, the following tests will be taken to the measured data, the 
measured values in the Jianli, Shashi, Hankou Reach as well as imports of Danjiangkou Reservoir River 
to verify, and the erosion and deposition of the river is basically at the equilibrium at the selected period 
of time. 
Calculation Process: 
(1) According to gradation of bed to calculate the critical start-average velocity 
icU , if icU  is less 
than the average velocity U , the size of group iL  is taken to 0, otherwise, calculate the iL ; 
(2) According to the measured data to calculate the size group of 
iQ  and iM ,and 
calculate
ii
m
i
i MLQ .
1


; 
(3) Although the volumes of sediment per unit volume f0 have a certain magnitude of changes, the 
maximum value of f0 is 0.6; f0 gets this value in this verification process. the average size of 
bursting per unit area is closely related with the flow conditions,  gets the average value 
(4) Substituted into the formula (24), the concentration of sediment near the bottom of a river 
*h
S can be calculated. 
The results showed (Figure 1) that, the calculated and measured values have higher linear, the formula 
can be a better fit the concentration of sediment near the bottom of a river.  
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Figure 1 The validation of the formula of concentration of sediment near the bottom of a river  
The formula can be better fit the concentration of sediment near the bottom of a river, but has the 
following deficiencies. The volumes of sediment per unit volume f0 is difficult to determine, according to 
the existing experience, the volumes of sediment per unit volume f0 is 0.5 ~ 0.6 in the general nature of the 
alluvial river, Therefore, between the values have been obtained to carry out a rough calculation. 
6. Conclusion 
The reference point is chosen at the bottom of a river in this paper, and using the averaged turbulent 
bursting period and its spatial scale, the formula of near-bed-concentration of suspended sediment is 
derived through basic differential equations of vertical distribution of suspended load. It could be validated 
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by measured datum that the formula can properly fit the equilibrium of near-bed-concentration of 
suspended sediment in fluvial river. 
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